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Ultrasonic Calibration Wire Test Phantom

Sean K. Lehman, Karl A. Fisher, Mick Werve, David H. Chambers
February 15, 2005

Abstract

We designed and built a phantom consisting of vertical wina@intained under tension to
be used as an ultrasonic test, calibration, and reconstnuabject for the Lawrence Livermore
National Laboratory annular array scanner. We provide arggsn of the phantom, present
example data sets, preliminary reconstructions, exam@adata, and MATLAB codes to
read the data.
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The wires are secured to the
top and bottom plates. They
are suspended under tension
by the bottom weight.
Beads, spheres, and other
objects can be fastened to
the wires to model more
complicated structures.

Removable outer cylinder.
Slips over the suspended
wire phantom. Data will be
collected without and with
the sheath.

The sheath will be fastened
to the weight in a water
tight manner. The phantom
may then be filled with a
contrast agent.
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Wires of varying material
properties will be threaded
through the plate holes and
arranged in various patterns.

Figure 1:Preliminary wire phantom conceptual design.



1 Introduction

We designed and built a reconfigurable wire phantom for ttrasdnic Lawrence Livermore Na-
tional Laboratory annular array scanner. We collected wlediracterized data under controlled
conditions for use as “canonical data sets” in testing aatLeting new inversion algorithms.

The phantom consists of vertical wires maintained undesiten The planar(z,y), wire
distribution is governed by holes drilled through upper &wder wire guide plates in a selected
geometric pattern. The wires are threaded through the lamldssecured to mounting brackets.
Given that the phantom object formed by the wire distributimes not vary much in the vertical
(=-direction), we assume the measured data form a 2.5-dimegisobject. The initial conceptual
phantom design is presented in Figure 1

These plates are removable permitting differing desighetosed. We currently only have one
design: a logarithmic spiral with equation,

r(6,) = a(cos(h,),sin(h,))e"", (1)

where

a = N is the initial radius and,

X = wv/fo is the insonifying wavelength,

vy = 1500 meters/second is the assumed background water velocity,

fo = 1MHz is the approximate insonifying frequency,

b = 107/180 is the spiral growth rate,

0, = {nAgy "} are the angular locations of the wires,

Af = 30m/180 Is the angular increment,

N = 31 is the number of wires.

This current configuration is shown in Figure 2(a). We hal@nadd for an optional acrylic hollow
cylinder around the phantom as shown in Figure 2(b). Figgcg shows one of the plates. The
(z,y) locations of the wires in the logarithmic spiral are listadiable 1. Figure 3 shows a graphic
of the phantom in relation to the transducer locations.

Figures 4 and 5 show the phantom under construction whilegaestalled in the scanner. The
top block is affixed to a rod fastened to the central bore ofsttenner drive; the bottom block
is fastened to the bottom of the tank. Figure 6 (a) shows tlaatoin with 31 taut steel wires.
Figure 6 (b) shows the optional acrylic cylinder in place.

The design of the phantom allows for wires of different mialerto be used. We have run
scans with the following combinations:

31 steel wires;

30 steel, 1 nylon;

25 steel, 6 nylon;

25 steel, 6 nylon, with the hollow cylinder;

2 steel, 2 nylon resolution pair;

2 steel, 2 nylon resolution pair, with the hollow cylinder;
Water background (no wires);
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Figure 2:Basic spiral phantom design. (a) Without hollow cylinder. (b) With cylinder. (c) Photo-
graph of wiring plate with holes.
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Figure 3:Graphic showing phantomin relation to transducer array location.
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Figure 4:Phantom under construction during installation in ultrasonic LLNL annular array scan-
ner.



Figure 5:Detail of phantom before wires were pulled taut.



(b)

Figure 6:(a) Phantom after the wires were pulled taut. (b) Phantom with optional acrylic hollow
cylinder.



X y | X y
1.5000 0.000Q -3.2365 5.6057
1.4233 0.8218 -6.1421 3.5462
0.9004 1.5595 -7.7710 0.0000
0.0000 1.9731 -7.3739 -4.2573

-1.0810 1.8723 -4.6647 -8.0795
-2.0515 1.1844 -0.0000 -10.2221
-2.5955 0.000 5.6001 -9.6997
-2.4629 -1.4219 10.6279 -6.1360
-1.5580 -2.6985 13.4464 -0.0000
0.0000 -3.4142 12.7592 7.3665
1.8704 -3.239 8.0715 13.9802
3.5497 -2.049 0.0000 17.6876
4.4911 -0.000Q -9.6901 16.7837
4.2615 2.4604 -18.3898 10.6174
2.6958 4.6693 -23.2667 0.0000
0.0000 5.907

Table 1:(x, y) location of wiresin millimeters for the logarithmic spiral.

¢ Hollow cylinder only (no wires).

Example data sets showing measured time series and speateahre presented in Figures 7
through 10. The data are very clean and have good contrastr @hd distinct sinograms of
individual wires are seen in the steel wire data set of Figure

2 Scanner and Data Collection Details

The LLNL ultrasonic scanner consists of two independenfigrating transducers which orbit
about a common center. They are programmed to synthesitly anultistatic annular array. The
data sets described herein were collected using the foltpparameters:

Two independently scanning transducers;
320 receiver locations;

361 transmitter locations;

One degree increment;

15 cm radius;

Two cycles of a sine input voltage;

1.6 MHz center frequency;

15 MHz sample rate;

4096 element time record;
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Figure 8:Example 30 steel/1 nylon and 25 steel/6 nylon data sets.
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Figure 9:Example 25 steel/6 nylon and cylinder only data sets.
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o Multistatic data.

The complete data set for a single run are stored in a dirgethiose name describes the
phantom configuration. For each run there are 361 text fil#s &dtension t xt which contain
the metadata and a corresponding number of binary data fiteextension bi n which contain
the time series data. The files are labe®$iD through360 corresponding to the index of the
transmitter angular location.
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3 MATLAB Codesto Read Data

The following MATLAB codes are provided to read and perfortigaick look” through the data:
Resol veFi | enane. m Used to resolve a data set and transmitter index into a fthl pame;
f 11 pthroughl | nl usdat a. m Provides a “quick look” through an entire data run;

hdr 2par am m Converts a raw metadata header into a header suitable fan ageconstruction
algorithm;

rdl | nl usdat a. m Reads one or more transmitter data sets;

rdl I nl usheader. m Reads a single header file.

10/08/04
10:51:09 matlab/ResolveFilename.m

function Filename = ResolveFilename( Basename , srcno , ext
%*****************************************************************************

o°

$ TITLE: ResolveFilename ( Basename , srcno , ext )
% AUTHOR: Sean K. Lehman
% DATE: September 28, 2004

o

FUNCTION: Resolve a basename, including a directory, into a
correct LLNL annular array ultrasonic scanner name

oe

% SYNTAX: fname = ResolveFilename ( Basename , srcno , ext )
% FNAME : Returned full path file name.

% BASENAME : Input base directory name.

% SRCNO : Source number (0-360).

% EXT : Extension, either ’'.txt’ or ’.bin’.

% MODIFICATIONS:

o oP

o

(c) Copyright 2004 the Regents of the University
of California. All rights reserved.

o o

e

This work was produced at the Lawrence Livermore
National Laboratory. The United States Government
retains certain rights therein.

o o o

o

Sk kkkhkhkhhkkhhkhkhkhhhhhkhhhkhkkhkhkhhhhhkhkhhkkhhhhkhhhkhhhhhhkkhkkhkhkkhkkhhkhkkk* /

% Remove trailing ’/’:

bname = Basename;

if bname (end)=='/’; bname (end)=0; end

Filename = sprintf (’%s/%d.%s’,bname, srcno, ext) ;
if exist( Filename , ’file’ ); return ; end
Filename = sprintf (’%$s/%03d.%s’,bname, srcno, ext) ;
if exist( Filename , "file’ ); return ; end

15



1070804
11:17:10 matlabMlipthroughllnlusdata.m

function flipthroughllnlusdatai Basenam= , Pause= |

R R R T e T

L]
% TLTLE: flipthroughllnlusdata.m
% AUTHOR: S=an . Le=hman
% DATE: October 08, Z004
% PMICTICN: Flip through a complests LLIIL ultrasonic annular array
L] data ==t
% SYNTAX: flipthroughllnlusdata| Basenam= |
L] flipthroughllnlusdata( Bas=nams , Pause |
L]
% FMODIFLCATIONS:
L]
L]
L] ic) Copyright 2004 the Regents of the Uniwversity
L] of California. ALl rights ressrved.
%
1] This work was produced at the Lawr=ncs Livermors
1] Mational Laboratory. Th=s Units=d States Gowvsrnm=nt
L] re=tains ce=rtain rights therein.
Fil=nam= = PesolvaPFil=nam=| Bas=nam= , 0 , "t=xt" |;
h = hdrZparam( rdllnlusheadesr| Fil=nam= | |;
us - lem—G;
tim= = h_tim= / us;
rowvno = [O:h.llrew-1];

fatchfioure( Bas=nam= }; clf

for srcno = 0:h.llsrc-1
data = rdllnlusdatai Bas=nam= , srcno |;
imagescircvrno, tims, data)
s=t (gca, " fonksize’ , 18)
mnlabel ("Receiver llumber’); ylabs=Ll("time= (‘mus]’]
titleisprintfi(’¥s: Source %d’,Bass=nam=,srcnojl
paus=| Pause |

=nd

function fig = fstchfigur=s( Pigurzllam= |
R R R R Rl R L o o o o S S S R R S S Ry

%

% TILTLE:

% AUTHOR: S=an L. L=hman

% DATE: July 08, Z004

% FUNICTLION -

% SYNTAX:

L]

% FMODIFLCATIONS:

L]

L]

L] ic) Copyright 2004 the Regents of the Uniwversity
L] of California. ALl rights ressrved.

%

1] This work was produced at the Lawr=ncs Livermors
1] Mational Laboratory. Th=s Units=d States Gowvsrnm=nt
L] re=tains ce=rtain rights therein.

h = g=t (0, "children’];
fig = -1;
for n=l:lengthihl,
if strcmpi ge=t (hin), " name’) , Figur=llam= |,
fig = hinl;
=nd
=nd
if figee=—1 & Cre=ats n=w window
fig = figur=('llam=",Picur=llam=];
=nd

16



e R 2

figure= figl
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1070804
10:47:10 matlab/hdrZparam.m

function param = hdrZparami he=ader |
R R R R R R L S A R (R R (R S ARy g
L]
TILTLE: hdrZparam.m
AUTHOR - S=an . Le=hman
DATE: January 30, 2003
PUIICTICN : Conwert a raw LLIIL annular array ultrasonic scannsr
he=ader structures as read from the .txt file into a
paramester structure with information us=ful for
processing the data.

SUNTAE - param = hdrZparami header |

%

L]

L]

L]

L]

L]

L]

L]

L]

®

L] PARAL : Beturned paramster structure:

L] rew: llumber of recsiwvers

L] Ilzrc: llumbsr of sources

L] e MMumbe=r of tims steps

1] dbt: Tim= sampls int=rwval

1] tim=: Tim= step array

L] dsrc: Source angular incremsnt

L] srcl: Initial source angluar location
L] drecw: Receiwver angular incremsnt

L] rocwl: Initial receiver angluar location
L] Badius: Array radius in mom

L] srcarg: Array of source angular locations
% Bsrc: Cartesian source (x;,y] locations
L] rovarg: Array of recsziver angular locations
% Breow: Cartssian receiver (x,y] locaticns
L]

L]

L]

L]

L]

L]

L]

L]

®

B

%

%

L]

L]

HEADER : Input raw header sturctures as returnsd vy
rdllnlushead=r.m or zrdllnlusdata.m
FMOOIFLCATIONS:

icl Copyright 2003 the BR=qgents of the Uniwversity
of California. ALL rights ressrved.

This work was produced at the Lawrence Livermore
Maticnal Lakoratory. The Unitsd States Gowvernment
re=tains certain rights thers=in.

FH= -] =G;

cm -] =2

en -] =-3;

ms -] =-3;

us -] =—;

rad = @i/ 180;

Mrcw = header BxPositions;
Isrc = header TuPositions;
1TE = hzader PxTim=Samples;
dt = 1/ (h=ad=r BRxSampPreq * MH=z];
time = [0:1Tk-1] *dE ;

rad = =i S 180;

dsrec = h=ader Tmlncr * rad;

srcl = [h=ad=r TuThetaStart+h=ade=r TuThetaPos] * rad;
dreocw = h=ader PFxlncr * rad;

rowl = [h=ad=r BExThetaStart+h=ade=r TuThetaPos] * rad;
Padius = h=ader _ Device=PRadiusk * oon;

arq = srcl + [0:llsxc-1]" *dsrc;
Bsrc = Badius * [ cosiargl sinlargl |;
arg = rowl + [0:llzewv-1]" *dzcw;
Rreow = Badius * [ cosiargl sinlarzgl |

param = struck (" 1lrew’ s HMrew . ..
Msre’ s sz , ...
e s 1t roses

18



10:47:10 matlab/hdrZparam.m

“dt’ s dt roses

“Eim=’ s Eim= , __.

‘dsrc’ s dsxc , ...

fsrcl’ s sreld , ..

fdrew’ s dsxre . ..

frewd’ o rewd , ...

"Padius’, Badius , ...

*srcarq’, srcld + [0:llsrc-1]"*dsre, ...
"Bsrec’ s Bsxec , ...

‘revarq’', rowd + [0:lrew-1]" *dreow, ...
"Rrocw’ s Brew 1;

19



100804

111407 matlab/rdlInlusdata.m
function [data,hesadesr] = rdllnlusdata( Basename , Sources , ByteOrder |
R R R R R R R L R R R S R
% TLTLE: rdllnlusdata.m

AUTHOR = S=zan K. Lzhman

LATE: Tlorrember 27, 2002

FPUIICTICN : B=ad raw LLIIL annular array ultrasonic scannsr data and h=adesr

SYNTAE - [data, h=ad=r] = rdllnlusdata( Bas=nam= |

%
L]
L]
L]
L]
L]
L]
L]
L]
®
B
%
%
L]
L]
L]
L]
L]
L]
L]
L]
®
B
%
%
L]
L]
L]
L]

|data, header] = rdllnlusdata( Base=nam= , Sources |
|data, h=ader] = rdllnlusdata( Bas=nam= , Sources , ByteQOrder |

DATA : Ik by llrew by lisrc matrix of time series data
HEADER : Baw LLIUL annular array ultrasonic scanner
data and h=ader.
Conwvert raw header to a use=ful paramestex
structure wia hdrIZparam.m
BAREBUAME : L[nput bases dirsctory nams=
SOURCES  : Can b= a singl= source or array of s=lscted sources

to b= read.

I[f abs=nt, all socurc=s ar= r=ad.
BYTECRDER: Byte order. It iz always isese-le= and n=ed

not be se=t.

FMODIFLCATIONS:

ic) Copyright Z00Z the Regents of the Uniwversity
of California. AlLL rights ressrved.

This work was produced at the Lawrsnce Livermors
Mational Laboratory. Th=s Units=d States Gowvsrnm=nt

retains certain rights ther=in.
T T T T T T

Fil=nam= = BesolvaPil=pnam=|{ Bas=nam= , 0 , "t=xt" 1;
h = rdllnlushead=r| Pil=nam= ];

if isempty( h )
fprintf£(l, "Uable to read headexr file: %s'n’',Filenams=);
data = [];
r=turn;

=nd

switch nargin

case 1
1lzxc = h_TePositicons ;
Cources = O:1llzrc-1;

byteorder = " isse-l=' ;

case I
if lengthiSources) = 0
Isrc = lengthiScurces) ;
elze
1Isrc = h_TwPositions ;
Sources = 0:llsre-1;
=nd
byteorder = "ismse-l=' ;

case 3
if lengthiSources) = 0
lIsrc = LlengthiSources] ;
=lse=
Isrc = h_TxPositions ;

Sources = 0:1lsrc-1;
=nd
yteorder = BybteOrder;

=nd

20



%

% I[f the rotation iz "clockwise=, "™ changes the sign on thes recisver

100804

111407 matlab/rdlInlusdata.m
LastSrc = h.TePositions ;
Mrecw = h_BxPositions ;
jij= = h.BuTimelamples ;
data = zemros (1T, Teew, lTsce) ;

switch h.DataPrecision
case 5

prec = "uintld’;
prec = "ink3Z";
prec = "inkl&’;

otherwise
fprintfil, " Unsupported data type. Include it in rdllnlusdata.m'n’];
data = [];
r=tuzrn;
=nd
if 0
foprintf£i(l," llsrc : %dWn’,lsrcl;
foprintf£(l," lrew : %dWn’,lrecwl;
fprintfil, " 1t o Bdunt 1ED
=nd
ns = 1;
for srocno = Sources
DataPFil=nam= = PBesolvePil=nam= (Basenam=, srcno, "bin’ | ;

Head=rFil=nam= = ResolveFil=nam= (Bassnam=, srcno, "txk’ )
fprintf(l, 'Reading %¥='n',DataPil=nam=] ;
h = rdllnlusheadsr| Head=rPile=nam= | ;
fid = fop=n( DataFil=nam= , "'r" , byts=ordsr
if fid == -1

fprintf(l, "Uable to op=n "%z".'n",DataPFil=nam=];

data = [];
return;
=nd
h=ad=rins] = h;
cl=ar h;

d = freadifid, [IIk WUrew],prec);
fclo==( £id ];

mo=m=ani d , 1 1;
datai:,:,nsl = d - an=s(llt, 1] *m;

% and swap the receiver start and stop angles.

L]

=nd

if head=rins) .BExIncr < 0

datai:z, -, nsi = fliplri datai:z,:,ns) );
head=rins] .Exlncr = —he=aderins) .Bxlncr ;
temporary = h=aderins) .ExThetaltart ;

head=r (ns)] _ExThetaStart = hesaderins) ExThetaStop ;
head=r (ns)] .ExThetaitop = te=mporary ;

=nd

ns = ns + 1;

21
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100804
11:15:13 matlab/rdllnlusheader.m

function headsr = rdllnlusheadesr| Fil=nam= |
R R R R R R L R L R R S R

L]
TILTLE: rdllnlushezadesr.m
AUTHOR - S=an . Le=hman
LATE: llorrember 27, ZO00Z

FUIICTICN : B=ad raw LLIIL annular array ultrasonic scannsr he=ads=r
SYITRY : H=ader = rdllnlushe=aderi Fil=nam= |

HEADER : Baw LLIIL annular array ultrasonic scanner
data and he=ader.
Conwvert raw headesr to a us=ful paramster
structure wia hdrIZparam.m

FILLEUAME : The full file names, including the extension,
of the hzader file.

FMCOODIPLCATIONS -

icl Copyright 2002 the BR=qgents of the Uniwversity
of California. ALL rights res=rved.

%
L]
L]
L]
L]
L]
L]
L]
L]
®
B
%
%
L]
L]
L]
L]
L]
L]
L] Thiz work was produced at the Lawrence Livermors

L] ational Laboratory. The United States Government

L] retains certain rights thersin.

"

fid = fopen( Fil=znam= , S

o
if fid == -1
forintfil, "Tabls to op=n "%s"'n",Pil=nam=];
he=ader = [];
r=tuzrn;
=nd

[, 2]= textread | Fil=nam= , "%sz%["'n]" , -1 , ’"coomentstyle’ , "matlab’, 'delimiter’
Ecloz=i Eid |

lla = l=ngthial;
for n=1:1la

= = chari| ainl 1;
k = findi{ 5 "= " " ];
= - = k I;
aln} = s5;

=nd

header = celllstructi & , a , 1 };

if "izgfi=ld ihead=r, "BadScanlin=="]
h=ader BadScanLin=s - Ot

=nd

if "isfi=ld (h=ad=zr, " ChackSumBrrors’])
h=zader ChackSumBrrors = "0°;

=nd

header = ConvertHead=ritringsIZllum( h=ader |;

function h = ConvertHeaderStringsZllumi hin |
h = hin ;
h.DeviceRadiusUT = strZnumihin.Device=RadiusUT] ;
h.Devic=Padiusk = strZnumihin.Devic=Radiusk) ;

h.TuiPositions = strZnumihin.TuIPositions];
h_TuEPos = strZnumihin. T=IPos];
h.TxEStart = strZnumihin.T=IStazt];
h.T=EStop = strZnumihin.T=I3top] ;

22



100804
11:15:13 matlab/rdllnlusheader.m

_BxThataStart = strZnumihin_ BExThetaStart];
_ExTh=taStop = strZnumihin.ExThetalitop) ;

h.TxElncr = strZnumihin.T=Ilncr] ;
h.TuThataPos = strZnumihin.TxThetaPos) ;
h._TuThetaStart = strZnumihin.TxThetaStact];
h.TxThztaStop = strZnumihin.TxaThetaltop);
h_Tulncr = strZnumihin_ Tulncri;
h.T=Positions = strZnumihin.TxPositions) ;
h._TeTBCycles = strZnumihin.TeTB ycles] ;
h.TxTEPhas= = strZnumihin.TeTBEPhas=] ;
h.T=TBFr=q = strZnumihin.T=TBFreq);
h.T=TBEVolts = strZnumihin.TaeTBValts) ;
h.T=TBEVOEE==t = strZnumihin.TaTBEVOEE==t]) ;
h_.BExEIPositions = strZnumihin_ BxIPositions);
h_ExIPos = strZnumihin_ BxIPos);
h_BxEStart = strZnumihin_ BxIStazt];
h_PxIStop = strinumihin.PxIltop);
h_.BExIlncr = strZnumihin_ BExIlnczri;

h

h

h.Bxlncr = strZnumihin.BxIncr);
h.BxPositions = strZnumihin.BExPositicns]) ;
h . BxAmpGainl = strZnumihin.PxAmpdainl];
h . BmAs inZ = strZnumihin.BxAs in2l;
h._BxAtte=nl = strZnumihin.BxAtt=nl];
h_PmxAtt=n2 = strZnumihin_BxAtt=nZ);
h_Bxll=t3Gain = strZnumihin_ BExll=tGain] ;
h.BExTimelamples = strxZnumihin.BxTimeSamples);
h._PBxlampFr=q = strinumihin.PxlampPreq);
h_.BxVolts = strZnumihin_ BExVoltsl;
h_Temp=raturs = strZnumihin. Temperaturs] ;
h . TempTim= = strZnumihin.TempTim=];

h.lataPr=cisicon = strZnumihin.DataPrecision];
h.llumbataPointks = strZnumihin.llumlataPoints);
h.BadScanlin=s = strZnumihin.BadScanLin=s];
h.Ch=chSumBrrors = strZnumihin.CheckSumBrrors];
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4 Typical Metadata File

11104
09:48:18 31 5tecl /0104t

BLLUL Ultrasound Tomographic Scannesr
File Version: 6.0

% 5tewve Benson, 1Z-05-00

%Aaqil=nt 33250

Fil=llam=: CensusPhantom_0_XT 10_t=xt
ScanDate: 08-24-2004
ScanTime=: 8:39:2d

#0bj=ct Description

OhLinel: 8/18/04 Censis Phantom Smile
COLin=Z2: Pasternack and £filter in
CDLin=3: lew Reciewver Cabling

ChLin=d:

fTranzmitter Description

TOLin=1: Ultran SxlZ2_5mm lin= activatsd

ThLin=Z2: W31l00-0.5-X

ThLin=3: 30736

TOLin=4: Beplacem=nt ENL (Mode=l 325LA) Installed Se=rial 7316462
fReceiver Description

EDLin=1: Ultran 5xl2.5mm line activated

EDLin=Z2: W3100-0.5-X

EDLin=3: 30737

ElLin=4: 1l CABLES THRU THE HACHILIIE

Baz=Fil=llam=: i:\WirePhantom' ScanOns" " CensusPhantom_

DevwiceRadiusTT: 147 85974121
DeviceRadiusk: 15000000000

TrIPositions: 1

TrIiPos: o.o0o
TrIStart: o.o0o
TrIStop: o.o0o
TuIilncr: o.ooo
TuThetaPos: l0._ooo0oooon
TuThetalitart: o_ooooonoo
TuThetaltop: 360.00000000
Tulncr: 100000000
TuPositions: 361

Tormmm: EIII_Z4AOL_PRP_~mp
TuTB ycles: 2
TxTBEPhaze=: o.o0ooooo0o
TxTBFreq: 170000000
TuTBVolts: l.oo0oooooo
TeTBVOEf st o.o0ooooo0o
EnIPositions: 1

FnIPos: o.ooo
PxIitart: o.ooo
ExIStop: o.o0o0
BExIlncr: o_aoo
ExThetaltart: Zo.ooooooon
ExThetaltop: 340.00000000
BExIncr: l.oo0oooooo
ExPositions: 321

Bxrmmpl - llon=
Brrmpdainl - 4000000000
P - llone=

Bxfr inZ: 34.00000000
FExAattenl: g.oo0o000000
BExAttenZ: 32.59993847
Bxll=t3ain: 41.40000153
ExTim=Samples: 40896
PrnSampPreq: 15_oo0aooan
ExVolts: J.o0o00000
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31Steel/010.txt

Temperature: 211.95605469
TempTims=: 1019 .15500000
DataPrecision: 5

TMumbataPoints: 1314816

25



5 Listing of Typical Data File

The listing of the data set graphed here represents a tygicaived time series.

31Steel: Source 010, Receiver 100

T T T T T

100

50

-50

-1001 7

0 50 100 150 200 250
time (us)
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1071104
10:09:30

0.204834
-0.7851464
4.20483
—-0.78515686
-3.78517
3.20483
-0.785164
-0.785164
1.20483
0.204834
0.204834
Z.20483
0.Z04834
0.Z204834
3.20483
0.Z204834
0_Z04834
-0.785164
0.204834
Z.20483
0.204834
0.204834
0.204834
-0.78951686
-0.7851464
1.z0483
—-0.78515686
0.Z204834
0_Z04834
0.204834
-0.785164
0.204834
0.204834
-0.785164
1.20483
0.204834
Z.ZD483
1.z0483
0.Z204834
0.Z204834
-1.78517
1.20483
0.204834
-0.785164
0.204834
Z.20483
1.20483
1.z0483
1.ZzZ0483
0.Z204834
—-0.78515686
-0.78515685
-0_.795164
-0.785164
-2.78517
-0.785164
1.20483
0.204834
3.20483
-0.78951686
1.z0483
-1.78517
-0.785154
0.Z204834
-2.78517
-2_78517
0.204834
1.20483

Z.20483
Z.ZD483
0.Z204834
0.Z204834
2_Z0483
1.20483
-1.78517
1.20483
1.20483
-2.78517
0.204834
0.204834
0.Z04834
1.z0483
0.Z204834
0.Z204834
0_Z04834
3.20483
1.20483
-0.785164
3.20483
1.20483
-0.785164
0.204834
1.ZzZ0483
-0.785154
—-0.78515686
-0.78515685
-1.78517
-0.785164
-0.785164
-0.785164
-0.785164
-0.785164
-0.785164
0.204834
1.ZzZ0483
0.Z204834
0.Z204834
-0.78515685
2_Z0483
1.20483
-0.785164
1.20483
1.20483
-0.785164
-0.785164
1.z0483
-0.7851464
-0.785154
0.Z204834
-0.78515685
-0_.795164
1.20483
0.204834
0.204834
0.204834
-0.785164
0.204834
1.z0483
0.204834
1.ZzZ0483
0.Z204834
-1.78517
-3.78517
-1.78517
0.204834
-1.78517

1.z0483
-0.7851464
-2.78517
3.20483
3.Z20483
-1.78517
-2.78517
1.20483
-0.785164
-0.785164
1.20483
-0.78951686
-0.7851464
1.z0483
0.Z204834
1.ZzZ0483
-0_.795164
0.204834
-0.785164
1.20483
0.204834
-1.78517
-1.78517
0.204834
-0.7851464
-0.785154
0.Z204834
0.Z204834
0_Z04834
0.204834
1.20483
-1.78517
-1.78517
1.20483
-0.785164
0.204834
-1.78517
1.z0483
1.Z0483
-0.78515685
1._Z0483
0.204834
-0.785164
0.204834
0.204834
-0.785164
0.204834
1.z0483
0.Z04834
-0.785154
—-0.78515686
-1.78517
-0_.795164
0.204834
-0.785164
-0.785164
-0.785164
0.204834
-1.78517
Z.20483
-0.78951686
0.Z04834
0.Z204834
-2Z.78517
-2.78517
1._Z0483
0.204834
-1.78517

315teel_010_100.1st

Z.20483
Z.ZD483
-0.785154
0.Z204834
1._Z0483
-1.78517
Z.20483
-0.785164
-0.785164
1.20483
Z.20483
-1.78517
0.Z04834
1.z0483
—-0.78515686
1.ZzZ0483
1._Z0483
0.204834
-1.78517
1.20483
-0.785164
-0.785164
-0.785164
1.z0483
-0.7851464
-1.78517
1.Z0483
0.Z204834
-0_.795164
1.20483
0.204834
1.20483
0.204834
Z.20483
-1.78517
-0.78951686
0.Z04834
-0.785154
-2Z.78517
0.Z204834
0_Z04834
-0.785164
Z.20483
0.204834
-1.78517
0.204834
1.20483
0.204834
0.Z04834
0.Z204834
-1.78517
-0.78515685
0_Z04834
-0.785164
-0.785164
0.204834
0.204834
-0.785164
0.204834
1.z0483
1.z0483
-0.7851464
-2.78517
0.Z204834
-0.78515685
0_Z04834
-1.78517
-0.785164
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-1.78517
0.Z04834
Z.ZD483
Z.Z0483
-1.78517
0.795166
1.20483
-1.78517
0.204834
Z.20483
0.204834
0.204834
1.ZzZ0483
1.z0483
-1.78517
0.7851&686
0.T95166
0.204834
0.204834
1.20483
0.795166
1.20483
Z.20483
0.7851686
0.Z04834
Z.ZD483
-1.78517
-2.78517
0.T95166
0.204834
0.204834
Z.20483
0.204834
0.204834
0.795166
0.204834
0.7851464
0.7851454
-3.78517
0.Z204834
-2_78517
-1.78517
1.20483
-1.78517
0.204834
Z.20483
1.20483
0.204834
Z.ZD483
0.Z204834
-1.78517
0.Z204834
0.T95166
0.795166
0.795166
0.204834
0.204834
1.20483
1.20483
0.204834
1.z0483
0.Z04834
-1.78517
1.Z0483
Z.Z0483
0.T95166
-1.78517
1.20483

-1.78517
-5.78517
3.Z0483
Z.Z0483
-0_.795164
1.20483
1.20483
-0.785164
Z.20483
1.20483
-0.785164
-0.78951686
0.Z04834
-0.785154
0.Z204834
0.Z204834
0_Z04834
0.204834
0.204834
-0.785164
0.204834
Z.20483
0.204834
0.204834
1.ZzZ0483
1.z0483
—-0.78515686
-0.78515685
-0_.795164
0.204834
0.204834
-0.785164
0.204834
-0.785164
-0.785164
1.z0483
-1.78517
-0.785154
1.Z0483
-0.78515685
-3.78517
0.204834
0.204834
0.204834
1.20483
Z.20483
-1.78517
1.z0483
0.Z04834
-0.785154
—-0.78515686
-0.78515685
-0_.795164
-1.78517
0.204834
0.204834
0.204834
0.204834
1.20483
1.z0483
-0.78951686
0.Z04834
0.Z204834
Z.Z0483
0.Z204834
-1.78517
0.204834
Z.20483

-1.78517
-1.78517

3.Z0483
-3.78517

1._Z0483

Z.20483
-1.78517
0.204834

1.20483
0.204834
0.204834

1.z0483
0.7851464
0.Z204834

Z.Z0483
0.Z204834
0_Z04834
0.204834
0.204834
0.795166
0.204834
0.204834
0.204834
0.7851686
0.Z04834
0.Z204834
0.7851&686
0.7851&686
0.T95166
-1.78517
0.795166
0.795166
0.204834

1.20483

1.20483
0.204834
0.7851464
0.7851454
0.7851&686
-1.78517
0.T95166
0.204834
-1.78517

1.20483

1.20483
0.795166
0.204834

1.z0483
0.7851464
0.7851454
-1.78517

1.ZzZ0483
-1.78517
0.204834
-1.78517
0.795166
0.795166
0.204834
0.795166
0.204834
0.204834

Z.ZD483
0.Z204834
0.Z204834
0.7851&686
-1.78517

1.20483
0.204834



1071104
10:09:30

0.204834
1.ZzZ0483
0.Z204834
0.Z204834
0_Z04834
-1.78517
-0.785164
0.204834
0.204834
-0.785164
-0.785164
-0.78951686
1.ZzZ0483
0.Z204834
—-0.78515686
0.Z204834
0_Z04834
-0.785164
-0.785164
-0.785164
0.204834
1.20483
1.20483
0.204834
0.Z04834
1.z0483
—-0.78515686
1.ZzZ0483
-0_.795164
1.20483
0.204834
0.204834
-1.78517
0.204834
-1.78517
-0.78951686
0.Z04834
1.z0483
0.Z204834
Z.Z0483
-9._78517
-2.78517
12,2048
-1.78517
-2.78517
4.20483
-2.78517
-0.78951686
Z.ZD483
-0.785154
—-0.78515686
1.ZzZ0483
-0_.795164
-0.785164
-0.785164
-0.785164
-0.785164
0.204834
-1.78517
-0.78951686
0.204834
0.Z04834
0.Z204834
—-0.78515686
0.Z204834
0_Z04834
-0.785164
-0.785164

0.204834
0.Z04834
1.z0483
—-0.78515686
1._Z0483
-0.785164
0.204834
-0.785164
-0.785164
-0.785164
0.204834
0.204834
0.Z04834
0.Z204834
—-0.78515686
0.Z204834
0_Z04834
1.20483
1.20483
1.20483
1.20483
0.204834
1.20483
0.204834
0.Z04834
1.z0483
0.Z204834
-0.78515685
1._Z0483
1.20483
0.204834
0.204834
0.204834
-0.785164
0.204834
1.z0483
0.Z04834
-0.785154
—-0.78515686
0.Z204834
-1.78517
4.20483
0.204834
-8.78517
-0.785164
1.20483
-0.785164
1.z0483
1.ZzZ0483
-2.78517
0.Z204834
0.Z204834
0_Z04834
0.204834
1.20483
-1.78517
-0.785164
0.204834
-0.785164
-0.78951686
0.204834
-0.7851464
-0.785154
0.Z204834
-1.78517
-0_.795164
1.20483
1.20483

0.204834
1.ZzZ0483
1.z0483

0.Z204834

0_Z04834

0.204834

-0.785164
-0.785164
1.20483
0.204834
0.204834
-0.78951686
-0.7851464
0.Z204834
—-0.78515686
1.ZzZ0483

-1.78517

0.204834

0.204834

0.204834

-0.785164
Z.20483
-0.785164
1.z0483
1.ZzZ0483
0.Z204834
—-0.78515686
-0.78515685
0_Z04834
-0.785164
-0.785164
1.20483
0.204834
-0.785164

0.204834

0.204834

-1.78517
1.z0483
1.Z0483
3.20483
B_20483
4.20483

-13.7852

-G.T78517
3.20483

-0.785164
-0.785164
Z.20483
1.ZzZ0483
0.Z204834
0.Z204834
0.Z204834
-0_.795164
Z.20483
1.20483
-0.785164
0.204834
-0.785164

-1.78517

0.204834
1.z0483

0.Z04834

-0.785154
0.Z204834
1.ZzZ0483
-0_.795164
-0.785164
0.204834

315teel_010_100.1st

1.z0483
-1.78517
0.Z204834
0.Z204834

2_Z0483
0.204834
0.204834
-0.785164
-0.785164
-1.78517
0.204834
0.204834
-1.78517

1.z0483

1.Z0483
-0.78515685

1._Z0483

1.20483
-0.785164

1.20483
0.204834
-0.785164
0.204834
-0.78951686
0.Z04834
-0.785154

1.Z0483

1.ZzZ0483
-0_.795164
-0.785164
0.204834
-0.785164
-1.78517

1.20483
0.204834
-1.78517
0.Z04834
0.Z204834
-1.78517

4.20483

12 _Zo4g
-3.78517
-13.7852

Z.20483

4.20483
-2.78517

Z.20483
0.204834
-1.78517

Z.ZD483
0.Z204834

1.ZzZ0483
0_Z04834
-0.785164
-0.785164
-0.785164
0.204834
0.204834
-1.78517
-0.78951686
0.204834
-0.7851464

Z.ZD483
0.Z204834
0.Z204834
0_Z04834
0.204834
-0.785164

28

1.z0483
0.Z04834
0.Z204834
0.Z204834
0.T95166

Z.20483
0.204834
0.795166
-1.78517
0.204834

1.20483
0.204834
-1.78517

1.z0483

1.Z0483

1.ZzZ0483

2_Z0483

1.20483
0.204834
0.204834
0.795166
0.795166
0.795166
0.204834
0.Z04834
0.7851454

Z.Z0483

1.ZzZ0483
0_Z04834
0.204834
0.795166
0.795166
0.795166

1.20483
0.795166
0.204834
0.Z04834
0.Z204834
-1.78517

4.20483

5_Z20483
-9_78517
0.204834

T.Z0483
-1.78517
0.204834

3.20483
0.204834
0.7851464

1.z0483
0.7851&686
-2.78517
-1.78517
-1.78517
-1.78517
0.795166
0.795166
0.795166

1.20483
0.204834
0.204834
0.Z04834

Z.ZD483
0.Z204834

1.ZzZ0483

1._Z0483
0.795166
-1.78517

0.204834
0.Z04834
0.Z204834
1.Z0483
-0_.795164
0.204834
1.20483
-0.785164
-1.78517
-0.785164
1.20483
-0.78951686
-0.7851464
0.Z204834
—-0.78515686
1.ZzZ0483
0_Z04834
0.204834
0.204834
1.20483
-1.78517
0.204834
0.204834
-0.78951686
-0.7851464
1.z0483
—-0.78515686
0.Z204834
0_Z04834
0.204834
0.204834
-0.785164
1.20483
0.204834
0.204834
-0.78951686
-0.7851464
0.Z204834
0.Z204834
-0.78515685
-4_78517
-0.785164
11.z2048
4.20483
-3.78517
0.204834
-0.785164
-2Z.785317
Z.ZD483
Z.ZD483
0.Z204834
1.ZzZ0483
1._Z0483
-1.78517
0.204834
-1.78517
0.204834
-0.785164
0.204834
-0.78951686
-1.78517
1.ZzZ0483
0.Z204834
—-0.78515686
-0.78515685
0_Z04834
1.20483
-0.785164

-0.78951686
-0.7851464
1.z0483
1.Z0483
0_Z04834
-0.785164
0.204834
0.204834
-0.785164
-0.785164
-1.78517
-0.78951686
0.Z04834
-0.785154
—-0.78515686
-0.78515685
-0_.795164
1.20483
0.204834
1.20483
1.20483
-0.785164
0.204834
0.204834
-0.7851464
1.z0483
0.Z204834
0.Z204834
-0_.795164
0.204834
0.204834
-0.785164
0.204834
0.204834
0.204834
1.z0483
1.ZzZ0483
0.Z204834
—-0.78515686
-8.78517
-6._T78517
10.z048
10.z048
-2.78517
-1.78517
1.20483
-2.78517
-0.78951686
Z.ZD483
-0.785154
0.Z204834
Z.Z0483
1._Z0483
-0.785164
1.20483
-0.785164
-1.78517
-0.785164
-0.785164
0.204834
-1.78517
Z.ZD483
-0.785154
1.Z0483
0.Z204834
0_Z04834
-0.785164
0.204834



1011704

10:09:30 315teel_010_100.1st
0.204834 -1.78517 1.20483 1.20483 0.204834 1.20483 1.20483
0.Z04834 1.20483 0.Z04834 1.20483 1.20483 0.Z04834 -0.7895166
-1.78517 1.20483 1.20483 0.204834 1.20483 -0.7851466 1.20483
1.20483 1.20483 0.204834 -1.78517 1.20483 -0.795166 -0.795166
1_20483 -1.78517 0.204834 1.20483 1.20483 1_20483 1.20483
0.Z204834 0.Z204834 0.Z204834 1.20483 -0.7895166 0.Z204834 -0.7895166
1.20483 1.20483 0.Z204834 0.Z204834 0.Z204834 1.20483 1.20483
0.Z204834 -1.78517 0.Z204834 0.Z204834 0.Z204834 1.20483 -0.7895166
-1.78517 -1.78517 -0.7895166 0.Z204834 1.20483 -0.7895166 0.Z204834
-1.78517 -0.7895166 0.Z204834 -0.7895166 -0.7895166 -1.78517 -0.7895166
-0.7895166 -0.7895166 1.20483 1.20483 0.Z204834 1.20483 0.Z204834
-1.78517 -0.795166 -1.78517 -0.795166 -0.795166 1.20483 -0.795166
-0.7895166 0.Z04834 0.Z04834 0.Z04834 -0.7895166 1.20483 -1.78517
-0.7851466 0.204834 -1.78517 -0.7851466 0.204834 1.20483 0.204834
-0.795166 -0.795166 Z.20483 1.20483 0.204834 0.204834 1.20483
1.20483 0.204834 -0.785166 -0.785166 1.20483 -0.785166 -0.785166
0_Z204834 0_Z204834 1_20483 Z_Z20483 -0_.795164 0.204834 0.z04834
-0.7895166 -0.7895166 0.Z204834 0.Z204834 0.Z204834 -0.7895166 0.Z204834
0.Z204834 -1.78517 -0.7895166 0.Z204834 0.Z204834 1.20483 z.20483
-0.7895166 -1.78517 -0.7895166 -0.7895166 4.20483 1.20483 z.20483
0.Z204834 -1.78517 -0.7895166 0.Z204834 0.Z204834 0.Z204834 1.20483
0.Z204834 0.Z204834 -0.7895166 z.20483 -0.7895166 -Z.78517 -1.78517
0.Z204834 -0.7895166 0.Z204834 0.Z204834 0.Z204834 1.20483 0.Z204834
1.20483 -1.78517 -0.795166 1.20483 4.20483 1.20483 0.204834
-3.78517 0.Z04834 1.20483 3.20483 I.20483 -0.7895166 0.Z04834
1.20483 1.20483 0.204834 1.20483 -0.7851466 0.204834 0.204834
1.20483 1.20483 -1.78517 1.20483 Z.20483 Z.20483 1.20483
0.204834 0.204834 1.20483 z.20483 0.204834 -0.785166 -0.785166
0_Z204834 1_20483 Z_20483 0.204834 -0_.795164 -0_.795164 1_20483
0.Z204834 -1.78517 -1.78517 0.Z204834 -0.7895166 0.Z204834 0.Z204834
0.Z204834 -0.7895166 0.Z204834 1.20483 -0.7895166 0.Z204834 -0.7895166
0.Z204834 0.Z204834 0.Z204834 -1.78517 -0.7895166 0.Z204834 0.Z204834
-0.7895166 -0.7895166 1.20483 0.Z204834 0.Z204834 -0.7895166 -0.7895166
-0.7895166 0.Z204834 -Z.78517 -1.78517 1.20483 z.20483 1.20483
-0.7895166 -0.7895166 -0.7895166 0.Z204834 0.Z204834 z.20483 0.Z204834
-Z.T78517 -0.795166 -0.795166 Z.20483 4.20483 0.204834 -Z.T78517
-Z.78517 -0.7895166 1.20483 I.20483 1.20483 0.Z04834 -0.7895166
0.204834 1.20483 1.20483 -0.7851466 -2.78517 0.204834 Z.20483
Z.20483 -0.795166 0.204834 0.204834 0.204834 0.204834 0.204834
0.204834 -0.785166 -0.785166 1.20483 1.20483 1.20483 -0.785166
0_Z204834 -0_.795164 1.20483 0.z04834 -0_.795164 -0_.795164 0_Z204834
-0.7895166 -0.7895166 0.Z204834 0.Z204834 0.Z204834 -0.7895166 -0.7895166
-Z.78517 0.Z204834 -0.7895166 0.Z204834 0.Z204834 -0.7895166 -1.78517
-0.7895166 1.20483 0.Z204834 1.20483 0.Z204834 -0.7895166 -Z.78517
-1.78517 -0.7895166 0.Z204834 0.Z204834 0.Z204834 z.20483 0.Z204834
0.Z204834 0.Z204834 0.Z204834 -0.7895166 -0.7895166 -1.78517 0.Z204834
0.Z204834 1.20483 z.20483 0.Z204834 -0.7895166 z.20483 -0.7895166
0.204834 -0.795166 -0.795166 0.204834 -0.795166 1.20483 Z.20483
0.Z04834 -0.7895166 0.Z04834 -0.7895166 -0.7895166 0.Z04834 -1.78517
-0.7851466 -0.7851466 -0.7851466 1.20483 -0.7851466 0.204834 0.204834
0.204834 -0.795166 -1.78517 1.20483 0.204834 0.204834 -0.795166
-0.785166 0.204834 0.204834 -0.785166 0.204834 0.204834 0.204834
1_20483 1_20483 -0_.795164 1.20483 -0_.795164 -0_.795164 -1.78517
0.Z204834 0.Z204834 -0.7895166 -1.78517 1.20483 0.Z204834 -0.7895166
-1.78517 0.Z204834 -0.7895166 0.Z204834 -1.78517 -1.78517 0.Z204834
-1.78517 0.Z204834 0.Z204834 0.Z204834 -0.7895166 -1.78517 0.Z204834
-0.7895166 0.Z204834 -0.7895166 -1.78517 -1.78517 1.20483 0.Z204834
-0.7895166 -0.7895166 -0.7895166 -0.7895166 0.Z204834 -0.7895166 -0.7895166
1.20483 -0.7895166 -0.7895166 -0.7895166 -0.7895166 -0.7895166 1.20483
0.204834 -0.795166 -0.795166 0.204834 0.204834 1.20483 1.20483

0.204834 -0.78951686 0.204834 1.z0483 Z.20483 1.z0483 -1.78517
1.ZzZ0483 0.Z04834 -1.78517 -1.78517 0.Z04834 -0.7851464 -1.78517
1.z0483 0.Z204834 0.Z204834 -0.785154 1.z0483 0.Z204834 0.Z204834

0.Z204834 —-0.78515686 —-0.78515686 0.Z204834 Z.Z0483 0.Z204834 0.Z204834

-0.78515685 1.ZzZ0483 1.ZzZ0483 0.Z204834 -1.78517 -0.78515685 1.ZzZ0483
1._Z0483 1._Z0483 0_Z04834 0_Z04834 0_Z04834 1._Z0483 -0_.795164
-0.785164 -0.785164 0.204834 1.20483 1.20483 0.204834 1.20483
0.204834 -0.785164 0.204834 1.20483 0.204834 -1.78517 0.204834
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0.204834 1.z0483 -1.78517 -0.78951686 0.204834 0.204834 -0.78951686
-0.7851464 -0.7851464 -0.7851464 0.Z04834 -0.7851464 1.ZzZ0483 -0.7851464
-1.78517 -0.785154 0.Z204834 -0.785154 0.Z204834 0.Z204834 -1.78517
—-0.78515686 0.Z204834 3.20483 —-0.78515686 —-0.78515686 -1.78517 0.Z204834
-0_.795164 0_Z04834 0.z04834 -0_.795164 0.204834 1._Z0483 0.z04834
-1.78517 -0.785164 0.204834 -0.785164 -0.785164 -0.785164 -0.785164
-0.785164 0.204834 -0.785164 -0.785164 -0.785164 0.204834 -1.78517
0.204834 1.20483 -0.785164 -0.785164 -0.785164 0.204834 1.20483
1.20483 0.204834 -0.785164 0.204834 0.204834 0.204834 0.204834
-1.78517 -0.785164 Z.20483 1.20483 0.204834 -0.785164 0.204834
0.204834 1.20483 0.204834 -0.785164 0.204834 0.204834 1.20483
0.204834 0.204834 0.204834 -0.78951686 0.204834 0.204834 1.z0483
-0.7851464 1.ZzZ0483 -0.7851464 1.ZzZ0483 0.Z04834 0.Z04834 0.Z04834
0.Z204834 0.Z204834 0.Z204834 0.Z204834 1.z0483 0.Z204834 0.Z204834
—-0.78515686 0.Z204834 0.Z204834 0.Z204834 Z.Z0483 0.Z204834 0.Z204834
0.Z204834 -0.78515685 1.ZzZ0483 -0.78515685 -1.78517 0.Z204834 -0.78515685
1._Z0483 0_Z04834 0.z04834 -0_.795164 -0_.795164 0.204834 1.20483
0.204834 1.20483 1.20483 -0.785164 0.204834 0.204834 1.20483
0.204834 0.204834 1.20483 1.20483 -0.785164 0.204834 -0.785164
1.20483 1.20483 0.204834 0.204834 0.204834 1.20483 1.20483
0.204834 0.204834 -0.785164 0.204834 0.204834 -0.785164 1.20483
0.204834 0.204834 1.20483 0.204834 Z.20483 -1.78517 1.20483
-0.785164 -0.785164 -1.78517 1.20483 Z.20483 G.20483 0.204834
-2Z.785317 -G.78517 -G.78517 -0.78951686 T.Z0D483 10.ZzZ048 Z.20483
-5.78517 -G.78517 0.Z04834 3.Z0483 4.20483 -5.78517 -8.783517
-0.785154 11.ZzZ048 1z.ZzZo48 1.z0483 -13.7852 -12.7852 -0.785154
8.20483 11.ZzZo48 —-0.78515686 -G.78517 -5.78517 —-0.78515686 3.20483
Z.Z0483 -1.78517 0.Z204834 3.20483 1.ZzZ0483 -1.78517 -4.78517
-1.78517 Z_Z20483 4 20483 1.20483 -1.78517 -2_78517 1.20483
3.20483 1.20483 0.204834 -0.785164 -0.785164 1.20483 1.20483
-0.785164 -1.78517 -0.785164 1.20483 1.20483 0.204834 -2.78517
-0.785164 Z.20483 3.20483 1.20483 -0.785164 -0.785164 0.204834
0.204834 1.20483 0.204834 -0.785164 -1.78517 1.20483 1.20483
0.204834 -0.785164 -0.785164 1.20483 1.20483 -0.785164 -1.78517
-0.785164 0.204834 1.20483 1.20483 -0.785164 -1.78517 -1.78517
0.204834 1.z0483 Z.20483 -1.78517 -1.78517 0.204834 1.z0483
1.ZzZ0483 -0.7851464 -0.7851464 1.ZzZ0483 0.Z04834 -0.7851464 0.Z04834
1.z0483 1.z0483 0.Z204834 0.Z204834 Z.ZD483 0.Z204834 0.Z204834
1.Z0483 0.Z204834 0.Z204834 —-0.78515686 —-0.78515686 1.Z0483 —-0.78515686
0.Z204834 0.Z204834 0.Z204834 0.Z204834 0.Z204834 0.Z204834 0.Z204834
0_Z04834 -0_.795164 0_Z04834 1.20483 -0_.795164 -0_.795164 -2_78517
0.204834 0.204834 0.204834 0.204834 0.204834 0.204834 -1.78517
1.20483 0.204834 0.204834 0.204834 0.204834 -1.78517 0.204834
-0.785164 -1.78517 -0.785164 -0.785164 1.20483 0.204834 0.204834
-0.785164 0.204834 -0.785164 0.204834 -0.785164 1.20483 -0.785164
-0.785164 -1.78517 0.204834 -0.785164 0.204834 0.204834 0.204834
-0.785164 0.204834 0.204834 -0.785164 -0.785164 1.20483 1.20483
-0.78951686 -0.78951686 1.z0483 0.204834 1.z0483 1.z0483 -0.78951686
0.Z04834 -0.7851464 -0.7851464 Z.ZD483 0.Z04834 -0.7851464 1.ZzZ0483
1.z0483 0.Z204834 0.Z204834 0.Z204834 1.z0483 0.Z204834 1.z0483
—-0.78515686 —-0.78515686 0.Z204834 Z.Z0483 0.Z204834 0.Z204834 —-0.78515686
1.ZzZ0483 1.ZzZ0483 0.Z204834 0.Z204834 0.Z204834 -0.78515685 Z.Z0483
0_Z04834 2_Z0483 1._Z0483 0.204834 -0_.795164 1.20483 2._20483
1.20483 0.204834 0.204834 0.204834 -0.785164 1.20483 1.20483
0.204834 0.204834 0.204834 0.204834 0.204834 0.204834 0.204834
0.204834 1.20483 0.204834 -0.785164 -0.785164 -0.785164 -0.785164
Z.20483 1.20483 0.204834 -0.785164 Z.20483 0.204834 1.20483
0.204834 1.20483 0.204834 1.20483 1.20483 1.20483 -0.785164
-0.785164 -1.78517 -1.78517 -0.785164 0.204834 -0.785164 0.204834
0.204834 0.204834 -0.78951686 -0.78951686 1.z0483 -0.78951686 Z.20483
0.204834 -0.78951686 0.204834 -0.78951686 1.z0483 -1.78517 -0.78951686
0.Z04834 -0.7851464 0.Z04834 -0.7851464 -0.7851464 -1.78517 -0.7851464
0.Z204834 0.Z204834 -0.785154 -0.785154 -1.78517 0.Z204834 -0.785154
0.Z204834 0.Z204834 0.Z204834 1.Z0483 0.Z204834 —-0.78515686 0.Z204834
-1.78517 -0.78515685 0.Z204834 0.Z204834 -0.78515685 0.Z204834 0.Z204834
0_Z04834 0_Z04834 0.z04834 -0_.795164 -0_.795164 -0_.795164 2_Z0483
0.204834 -1.78517 1.20483 0.204834 0.204834 0.204834 0.204834
0.204834 -0.785164 -0.785164 1.20483 Z.20483 -0.785164 0.204834
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Z.20483 0.204834 0.204834 -0.78951686 -0.78951686 0.204834 1.z0483
0.Z04834 -0.7851464 -0.7851464 -0.7851464 -0.7851464 0.Z04834 1.ZzZ0483
0.Z204834 -0.785154 0.Z204834 -0.785154 1.z0483 -0.785154 -0.785154
—-0.78515686 —-0.78515686 1.Z0483 0.Z204834 —-0.78515686 -2Z.78517 Z.Z0483
1._Z0483 1._Z0483 -0_.795164 0_Z04834 -1.78517 0.204834 -0_.795164
0.204834 -0.785164 -1.78517 -0.785164 3.20483 1.20483 1.20483
-2.78517 0.204834 Z.20483 0.204834 0.204834 -0.785164 -0.785164
Z.20483 4.20483 4.20483 1.20483 -3.78517 -2.78517 0.204834
3.20483 1.20483 0.204834 0.204834 1.20483 1.20483 -0.785164
-0.785164 1.20483 0.204834 -0.785164 0.204834 -0.785164 0.204834
1.20483 0.204834 0.204834 -0.785164 -1.78517 0.204834 1.20483
0.204834 -0.78951686 -0.78951686 0.204834 0.204834 0.204834 -0.78951686
-0.7851464 -0.7851464 1.ZzZ0483 0.Z04834 0.Z04834 0.Z04834 0.Z04834
0.Z204834 -1.78517 0.Z204834 0.Z204834 -2.78517 1.z0483 1.z0483
0.Z204834 0.Z204834 0.Z204834 0.Z204834 1.Z0483 0.Z204834 1.Z0483
-1.78517 0.Z204834 -0.78515685 1.ZzZ0483 1.ZzZ0483 1.ZzZ0483 -0.78515685
-1.78517 -0_.795164 -0_.795164 0_Z04834 0.z04834 -1.78517 1.20483
0.204834 1.20483 -2.78517 -0.785164 0.204834 1.20483 0.204834
0.204834 -0.785164 0.204834 1.20483 -0.785164 0.204834 -0.785164
0.204834 1.20483 0.204834 0.204834 -1.78517 1.20483 1.20483
0.204834 -0.785164 -1.78517 -1.78517 -0.785164 -0.785164 -0.785164
0.204834 0.204834 0.204834 Z.20483 0.204834 1.20483 -1.78517
-1.78517 -0.785164 1.20483 -0.785164 -0.785164 -0.785164 -0.785164
1.z0483 Z.20483 -0.78951686 -2Z.785317 -0.78951686 -0.78951686 0.204834
Z.ZD483 0.Z04834 -0.7851464 0.Z04834 1.ZzZ0483 0.Z04834 -0.7851464
0.Z204834 1.z0483 -1.78517 0.Z204834 1.z0483 -0.785154 -0.785154
0.Z204834 1.Z0483 0.Z204834 —-0.78515686 0.Z204834 0.Z204834 —-0.78515686
0.Z204834 0.Z204834 Z.Z0483 Z.Z0483 -0.78515685 0.Z204834 -0.78515685
0_Z04834 -0_.795164 0.z04834 -0_.795164 0.z04834 -0_.795164 0_Z04834
1.20483 0.204834 -0.785164 1.20483 1.20483 -0.785164 0.204834
1.20483 -0.785164 0.204834 1.20483 -0.785164 0.204834 -0.785164
-0.785164 -0.785164 0.204834 -0.785164 -0.785164 -0.785164 -1.78517
-0.785164 -0.785164 0.204834 0.204834 0.204834 -0.785164 0.204834
0.204834 0.204834 0.204834 -1.78517 -0.785164 -0.785164 -1.78517
-0.785164 -0.785164 -0.785164 0.204834 0.204834 -0.785164 -1.78517
1.z0483 0.204834 0.204834 0.204834 -0.78951686 -0.78951686 -1.78517
0.Z04834 1.ZzZ0483 1.ZzZ0483 0.Z04834 -0.7851464 -0.7851464 -0.7851464
Z.ZD483 0.Z204834 1.z0483 1.z0483 1.z0483 0.Z204834 1.z0483
0.Z204834 0.Z204834 0.Z204834 0.Z204834 0.Z204834 0.Z204834 0.Z204834
0.Z204834 0.Z204834 0.Z204834 0.Z204834 1.ZzZ0483 1.ZzZ0483 1.ZzZ0483
-1.78517 0.204834 1._Z0483 0.z04834 -0_.795164 -0_.795164 1._Z0483
0.204834 -0.785164 -1.78517 0.204834 Z.20483 0.204834 0.204834
-0.785164 -0.785164 0.204834 0.204834 -0.785164 1.20483 0.204834
0.204834 1.20483 0.204834 -1.78517 0.204834 0.204834 0.204834
0.204834 -0.785164 1.20483 0.204834 0.204834 0.204834 0.204834
-1.78517 -0.785164 1.20483 0.204834 0.204834 1.20483 -0.785164
-0.785164 1.20483 -0.785164 -0.785164 -0.785164 0.204834 1.20483
1.z0483 0.204834 -0.78951686 -0.78951686 -0.78951686 1.z0483 1.z0483
0.Z04834 1.ZzZ0483 0.Z04834 0.Z04834 0.Z04834 -0.7851464 0.Z04834
-0.785154 -1.78517 -0.785154 -0.785154 1.z0483 0.Z204834 -0.785154
0.Z204834 —-0.78515686 -1.78517 —-0.78515686 —-0.78515686 1.Z0483 0.Z204834
-0.78515685 0.Z204834 0.Z204834 -0.78515685 -0.78515685 0.Z204834 0.Z204834
0_Z04834 -1.78517 -0_.795164 1.20483 -0_.795164 0.z04834 -0_.795164
-1.78517 -0.785164 -1.78517 -0.785164 1.20483 0.204834 -0.785164
0.204834 -0.785164 -0.785164 0.204834 Z.20483 -0.785164 1.20483
-0.785164 -0.785164 -1.78517 -0.785164 0.204834 -1.78517 1.20483
1.20483 0.204834 0.204834 -0.785164 1.20483 0.204834 -0.785164
0.204834 -0.785164 -0.785164 -0.785164 0.204834 0.204834 -0.785164
-0.785164 -0.785164 -0.785164 1.20483 -0.785164 1.20483 0.204834
0.204834 1.z0483 1.z0483 -1.78517 -0.78951686 0.204834 0.204834
-1.78517 -0.78951686 -0.78951686 0.204834 0.204834 -1.78517 0.204834
-0.7851464 1.ZzZ0483 1.ZzZ0483 -1.78517 0.Z04834 0.Z04834 -1.78517
0.Z204834 -0.785154 -0.785154 -0.785154 -0.785154 -0.785154 0.Z204834
0.Z204834 0.Z204834 —-0.78515686 —-0.78515686 —-0.78515686 0.Z204834 —-0.78515686
0.Z204834 -1.78517 -0.78515685 0.Z204834 0.Z204834 0.Z204834 0.Z204834
-0_.795164 0.z04834 -0_.795164 0_Z04834 0.z04834 -0_.795164 1._Z0483
0.204834 1.20483 -0.785164 -0.785164 0.204834 0.204834 -0.785164
0.204834 0.204834 0.204834 -0.785164 1.20483 -0.785164 0.204834
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-0.78951686 -0.78951686 -0.78951686 0.204834 0.204834 -1.78517 -0.78951686
1.ZzZ0483 -0.7851464 0.Z04834 0.Z04834 -0.7851464 0.Z04834 -0.7851464
-0.785154 -0.785154 -1.78517 -1.78517 -0.785154 -0.785154 Z.ZD483
0.Z204834 —-0.78515686 —-0.78515686 -1.78517 —-0.78515686 —-0.78515686 1.Z0483
0_Z04834 -0_.795164 0.z04834 -0_.795164 1.20483 -0_.795164 -2_78517
-1.78517 -3.78517 -2.78517 -0.785164 0.204834 3.20483 4.20483
G.20483 0.204834 -8.78517 -9_78517 -7.78517 3.20483 9.20483
8.20483 -1.78517 -5.78517 -3.78517 1.20483 1.20483 -2.78517
-7.78517 -3.78517 G.20483 13.z2048 5.20483 -G.T78517 -11.7852
-G.T78517 4.20483 8.20483 8.20483 -2.78517 -5.78517 -4._78517
-0.785164 Z.20483 1.20483 Z.20483 1.20483 0.204834 0.204834
-1.78517 -1.78517 -0.78951686 -0.78951686 Z.20483 1.z0483 -0.78951686
-0.7851464 1.ZzZ0483 1.ZzZ0483 -1.78517 -Z.783517 0.Z04834 0.Z04834
1.z0483 1.z0483 -0.785154 -1.78517 -0.785154 1.z0483 1.z0483
—-0.78515686 —-0.78515686 0.Z204834 —-0.78515686 0.Z204834 —-0.78515686 —-0.78515686
1.ZzZ0483 Z.Z0483 -1.78517 -0.78515685 0.Z204834 -0.78515685 1.ZzZ0483
0_Z04834 0_Z04834 -1.78517 1.20483 -0_.795164 0_Z04834 0.z04834
-0.785164 -1.78517 0.204834 0.204834 -0.785164 0.204834 -1.78517
0.204834 3.20483 1.20483 0.204834 -1.78517 -0.785164 -0.785164
1.20483 -0.785164 -0.785164 0.204834 0.204834 1.20483 0.204834
-0.785164 -0.785164 -0.785164 -0.785164 0.204834 1.20483 0.204834
0.204834 -0.785164 0.204834 1.20483 0.204834 -0.785164 -0.785164
-0.785164 -1.78517 -0.785164 -1.78517 -1.78517 0.204834 Z.20483
1.z0483 1.z0483 1.z0483 0.204834 -2Z.785317 -2Z.785317 -1.78517
0.Z04834 0.Z04834 Z.ZD483 Z.ZD483 1.ZzZ0483 0.Z04834 -Z.783517
-8.78517 -83.78517 -3.78517 Z.ZD483 15.Zz048 30.Zzo48 3Z.Z048
19._Zo48 -9.78517 -45.7952 -G8.7952 -TO.T7952 -37.7952 19._Zo48
TE.Z0o4E 111.Z205 108.205 S55.Z048 -22.7852 -897.7852 -137.785
-124_785 -G4 _TE5Z2 17.2048 92 _Z2048 134 _Z205 121_Z205 GT.2048
-9_78517 -79.7952 -113_785 -105.785 -G0.7852 -1.78517 54.2048
86.2048 84.2048 S56.2048 11.z2048 -28.7952 -52.7852 -56.7952
-40._7852 -14 7852 9.20483 27.2048 30.2048 23.2048 8.20483
-7.78517 -17.7852 -19_7852 -12_7852 -2.78517 5.20483 13.z2048
16.z2048 10.z048 5.20483 -1.78517 -5.78517 -10.7852 -10.7852
-G.T78517 -2.78517 1.20483 3.20483 4.20483 Z.20483 -0.785164
-0.78951686 0.204834 0.204834 0.204834 1.z0483 1.z0483 1.z0483
0.Z04834 -1.78517 -0.7851464 -Z.783517 -1.78517 -3.78317 -Z.783517
-2.78517 -0.785154 0.Z204834 1.z0483 1.z0483 1.z0483 1.z0483
3.20483 0.Z204834 -1.78517 0.Z204834 —-0.78515686 0.Z204834 —-0.78515686
-2.78517 -0.78515685 -0.78515685 1.ZzZ0483 0.Z204834 1.ZzZ0483 1.ZzZ0483
-0_.795164 0_Z04834 2_Z0483 0_Z04834 1._Z0483 2_Z0483 0.z04834
-0.785164 -0.785164 0.204834 -0.785164 -0.785164 -0.785164 0.204834
1.20483 1.20483 1.20483 1.20483 0.204834 -1.78517 1.20483
3.20483 -0.785164 -1.78517 1.20483 0.204834 Z.20483 1.20483
-0.785164 -2.78517 -1.78517 -0.785164 0.204834 -0.785164 0.204834
0.204834 0.204834 1.20483 1.20483 1.20483 1.20483 -1.78517
-1.78517 -0.785164 -0.785164 -1.78517 -0.785164 -2.78517 0.204834
Z.20483 3.20483 3.20483 -0.78951686 -3.78317 -3.78317 -1.78517
0.Z04834 Z.ZD483 0.Z04834 -0.7851464 -0.7851464 -0.7851464 Z.ZD483
0.Z204834 0.Z204834 -0.785154 0.Z204834 0.Z204834 0.Z204834 -0.785154
—-0.78515686 —-0.78515686 0.Z204834 0.Z204834 —-0.78515686 -1.78517 —-0.78515686
-0.78515685 0.Z204834 0.Z204834 -0.78515685 1.ZzZ0483 0.Z204834 0.Z204834
-0_.795164 0.z04834 -0_.795164 0.z04834 -0_.795164 0_Z04834 1.20483
0.204834 0.204834 1.20483 1.20483 -0.785164 1.20483 -0.785164
0.204834 0.204834 -2.78517 0.204834 1.20483 -0.785164 -0.785164
-1.78517 1.20483 0.204834 1.20483 1.20483 -1.78517 -0.785164
0.204834 3.20483 Z.20483 -0.785164 -1.78517 -1.78517 0.204834
0.204834 -0.785164 0.204834 1.20483 1.20483 1.20483 -0.785164
-1.78517 0.204834 Z.20483 1.20483 -2.78517 -2.78517 -2.78517
1.z0483 Z.20483 Z.20483 -1.78517 -3.78317 -0.78951686 -0.78951686
1.z0483 0.204834 1.z0483 0.204834 1.z0483 -1.78517 -1.78517
-0.7851464 -Z.783517 1.ZzZ0483 1.ZzZ0483 -0.7851464 -0.7851464 -0.7851464
-2.78517 -0.785154 0.Z204834 -0.785154 -0.785154 -0.785154 0.Z204834
Z.Z0483 —-0.78515686 0.Z204834 —-0.78515686 1.Z0483 0.Z204834 0.Z204834
-1.78517 0.Z204834 -0.78515685 0.Z204834 -1.78517 -0.78515685 -0.78515685
1._Z0483 3.Z20483 -0_.795164 -5_78517 -3.78517 3.20483 620483
G.20483 -1.78517 -4._78517 -2.78517 -0.785164 0.204834 3.20483
3.20483 Z.20483 -1.78517 -3.78517 -2.78517 -0.785164 Z.20483
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-25.7852
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-6._T78517
4.20483
-5.78517
-9_78517
4.20483
Z.20483
-2.78517
-2Z.785317
-1.78517
4.20483
8.20483
5.20483
3.Z20483
1.20483
-0.785164
3.20483
-1.78517
4.20483
T.Z0483
-1l0.7952
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0.204834
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1.z0483
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5.20483
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1.20483
0.204834
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0.204834
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-0.78951686
0.204834
0.Z04834
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0.Z204834
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0.Z04834
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0_Z04834
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1.20483
0.795166
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0.204834
0.204834
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3.20483
4.20483
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0.Z204834
-1.78517
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4.20483
-3.78517
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Z.ZD483
—-0.78515686
-1.78517
0_Z04834
-0.785164
0.204834
-4._78517
-5.78517
-3.78517
1.20483
-0.78951686
-0.7851464
0.Z204834
1.Z0483
-0.78515685
-0_.795164
-1.78517
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0.204834
-2.78517
-1.78517
1.20483
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0.Z204834
Z.Z0483
2_Z0483
-1.78517
1.20483
Z.20483
0.204834
0.204834
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